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PROBLEM TO BE SOLVED: To provide an inexpensive optical 
transmission and reception module which consists of a small number of 
components and is easily manufactured in high yield. 
SOLUTION: This optical transmission and reception module consists of 
a filt r 66 which is provided obliquely halfway in a light guide part of a 
1 st substrate 7 and reflects part of light downward and reflects the 
other light, an LD 62 which is provided at a step part of the 1 st 
substrate 70 opposite an end part of a light guide 54, a 2nd substrate 
51 which has a metallized layer 64 on the top surface and a 2nd 
longitudinal hole 72 at a position corresponding to a 1 st longitudinal 
hole 68 and has the top-surface metallized layer joined with a 
metallized layer 64 on the reverse surface of the 1 st substrate 70, a 
PD which is fitted onto the bottom surface of the 2nd substrate right 
below the longitudinal hole of the 2nd substrate 51, and an amplifier 
which is fix d on the bottom surface of the 2nd substrate and amplifies 
the photocurrent of the PD. The metallized layer at the border between 
th 1st substrate 70 and 2nd substrate 51 is at the ground potential 
and the tip of an optical fiber is fixed in the front V groove of the 1 st 
substrate 70; and part of the light exiting from the optical fiber is 

reflected downward and made incident on the PD and the part from the LD 62 is partially transmitted through 
th filter and enters the optical fiber. 
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♦ NOTICES* 

Japan Patent Office as not r sponsibt f r any 
damages caused by the use f this trans I at i n. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A V groove which is prepared in the 1st dugout dug by some of lightguides to which light prepared in 
pars intermedia is led, and lightguides, and one edge, and fixes an optical fiber head, a step which attaches LD 
in an edge of an opposite hand, and the 1 st substrate which has a metallized layer on a base, A filter which 
inclines in the middle of the lightguide section of the 1 st substrate, is prepared, reflects a part of light caudad, 
and refl cts a part of light, LD prepared in a step of the 1 st substrate so that an edge of lightguide may be 
countered, The 2nd substrate with which it has the 2nd dugout which has a metallized layer on the upp r 
surface and was established in a location corresponding to the 1 st dugout, and an upper surface metallized 
layer was joined to a metallized layer of a rear face of said 1st substrate, It consists of PD attached in the 2nd 
substrate base in directly under [ of a dugout of the 2nd substrate ]. A metallized layer of a boundary line of 
th 1 st substrate and the 2nd substrate serves as ground potential, and a head of an optical fiber is fixed to a 
V groov ahead of the 1 st substrate. It is the optical transceiver module with which light from LD is 
characterized by a part penetrating a filter and making it go into an optical fiber by being caudad reflect d by 
filter and the part carrying out incidence of the light which came out of an optical fiber to PD. 
[Claim 2] It is the optical transceiver module according to claim 1 which lightguide is straight-line-like optical 
waveguide and is characterized by a filter aslant prepared in the mid-position being a filter which reflects and 
p netrates one wave of light to a predetermined ratio, and a part of light from an optical fiber being reflect d 
by filter, light being received by PD, and a part of light of the same wavelength from LD penetrating a filter, and 
making it go into an optical fiber. 

[Claim 3] A filter which lightguide is straight-line-like optical waveguide and is aslant prepared in the mid- 
position is a certain wavelength lambda 1. Wavelength lambda 2 of another ** which reflected about 100% and 
was emitted from laser An optical transceiver module according to claim 1 characterized by being the 
wavelength selectivity **** filter penetrated 100% of abbreviation. 

[Claim 4] An optical transceiver module according to claim 1 to 3 characterized by forming lightguide of optical 
waveguide of a quartz system. 

[Claim 5] An optical transceiver module according to claim 1 to 4 characterized by a filter coming to form an 
optical multilayer on a macromolecule thin film of translucency. 

[Claim 6] An optical transceiver module according to claim 1 to 4 characterized by a filter coming to form an 
optical multilayer on a glass substrate of translucency. 

[Claim 7] An optical transceiver module according to claim 1 to 6 characterized by for a photodiode consisting 
of Si and semiconductor laser consisting of a GaAIAs system as a light emitting device. 

[Claim 8] An optical transceiver module according to claim 1 to 6 characterized by for a photodiode having the 
euphotic zone of InGaAs or InGaAsP, and semiconductor laser consisting of an InGaAsP system. 
[Claim 9] An optical transceiver module according to claim 1 to 8 characterized by a photodiode being a 
photodiode of a rear-face incoming radiational type. 

[Claim 10] An optical transceiver module according to claim 1 to 9 characterized by having arranged amplifier 
n ar the photodiode. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical transceiver module which 
united the photo detector and the light emitting device with the optical fiber in the optical two-way 
communication which transmits information for the lightwave signal of two or more different wavelength 
betw en through, a base station, and a subscriber at an one direction or both directions. 

[0002] [Explanation of optical two-way communication] The transmission loss of an optical fiber falls in recent 
years, and the property of semiconductor laser (it omits Following LD) or a semiconductor photo detector (it 
omits Following PD) has improved. For this reason, transmission of various information using light is attained. 
Since it is the communication link using light, these technology is called optical communication. There are a 
telephon , facsimile, a television picture signal, etc. as a gestalt of the information which should be transmitted. 
Especially, the attempt of the communication link of wavelength using the light of long wavelength, such as light 
of 1 .3-micrometer band and light of 1 .55-micrometer band, is performed briskly. 
[0003] R cently, delivery and the system which can transmit and receive a signal simultaneously are 
bidirectionally examined in the signal using one optical fiber. Since a signal is sent bidirectionally, it is called 
two-way communication. I hear that a fiber can be managed with one and it has the advantage of this method. 
Drawing 1 is principle drawing of wavelength multiplexing two-way communication using the light of different 
wavel ngth among such two-way communication. Two or more subscribers are combined with one station with 
the optical fiber. Here, the subscriber is illustrating only one. There are many turning points actually, and the 
optical fiber from a station branched to many optical fibers on the way, and has resulted in a subscriber's 
quipment 

[0004] A station side amplifies the signal of a telephone or TV as digital one or an analog signal, and drives 
semiconductor laser LD1 with this signal. This signal is wavelength lambda 1. It becomes a signal and goes into 
an optical fiber 1 . This is led to the middle optical fiber 3 with a splitter 2. Furthermore, it goes into an optical 
fiber 5 with the splitter 4 by the side of a subscriber, and is received by the photo detector PD 2. Photo 

lectric translation is carried out by the photo detector, and it becomes an electrical signal P3 by it Signal 
proc ssing of the electrical signal P3 is amplified and carried out by the equipment by the side of a subscriber, 
and it is reproduced as the voice or the television picture of a telephone. Thus, it gets down from the signal 
which goes to a subscriber side from a base station, and it is called a signal, gets down from the information 
flow of this direction, and is called a system. 

[0005] On the other hand, a subscriber side is wavelength lambda 2 by semiconductor laser LD2 about the 
signal of a telephone or facsimile. It changes into a lightwave signal, lambda 2 Incidence of the light is carri d 
out to an optical fiber 6, it is led to the middle optical fiber 3 with a splitter 4, passes along the splitter 2 by the 
side of a station, and is in a photo detector PD 1. The equipment by the side of a station is lambda 2. By PD1, 
photo electric translation of the lightwave signal is carried out, and it is made into an electrical signal. This 
electrical signal is sent into the exchange or a digital disposal circuit and receives suitable processing. Thus, 
the direction which sends a signal to a station side is gone up, and it is called a system. The signal is gone up 
and it is called a signal. 

[0006] By the above explanation, it is lambda 1. It g ts down and is a system and lambda 2. It is used only for 
the uphill system. However, the light of the same wavelength may be actually used for going down and going up. 
Occasionally, going up and both from which it gets down may be made to spread all of the light of two kinds of 
wavel ngth. In such a case, separation of two light from which wavelength is different becomes a very 
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important probl m. 

[0097] In order for on optical fiber to perform two-way communication using [explanation of the splitter of 
light], thus th light of two wavelength, the function by the side of a station and a subscriber for both to 
identify the wavelength of **** and to separate an optical path is needed. The splitters 2 and 4 in drawing 1 
achieve the function. A splitter is wav length lambda 1 and lambda 2. There is an operation which introduces 
into on optical fiber, or chooses only one light and is taken out from the light of two wavelength to one optical 
fiber light unitedly. A role with a very important splitter is played in performing wavelength multiplexing two-way 
communication. 

[0008] There are some classes of the splitters by which the current proposal is made. Drawing 2 - drawing 3 
explain. A splitter is made from the example of drawing 2 by an optical fiber or optical waveguide. Two optical 
paths 8 and 9 are close by 10 in part, and exchange of light energy is made here. Association of various modes 
is realizable with the gap D and distance L of the contiguity section 10. Here, it is lambda 1 to an optical path 
8. When incidence of the light is carried out, it is lambda 1 to an optical path 1 1. Light comes out Optical path 
12lambda2 When light is put in, it is lambda 2 to an optical path 9. Light comes out This is the splitter of a 
waveguide mold. 

[0009] Being shown in drawing 3 uses a multilayer mirror. The dielectric multilayer is formed in the hypotenus 
side of the isosceles triangle pillarHike glass blocks 13 and 14. The refractive index and thickness of a 
dielectric are combined suitably and it is lambda 1. All light penetrates and is lambda 2. He is trying to reflect 
all light This has the function which is made to reflect the light which carried out incidence at the angle of 45 
degrees, or is made to penetrate. This splitter can also be used as splitters 2 and 4 of drawing 1 . Such a 
splitter is also called spectral separation / multiplexing machine. It may be called WDM. What is depended on an 
optical fiber or a glass block is already marketed. 
[0010] 

[Description of the Prior Art] Drawing 16 explains the optical transceiver module by the side of a subscriber. In 
drawing 16 , the termination of the optical fiber 1 6 laid towards the subscriber from the office is connected to 
the indoor optical fiber 18 by the optical connecter 17. Optical fiber WDM21 (splitter) is formed in the ONU 
module in indoor [ of a subscriber ]. The optical fiber 18 and the optical fiber 19 are combined in wavelength 
selection inside WDM21. An optical connecter 22 ties the LD module 25 to an optical fiber 18. The PD module 
27 is connected to an optical fiber 1 9 through an optical connecter 23. 

[001 1] LD25 and an optical fiber 24 make an uphill system. 1 .3-micrometer **** transmits the signal by the 
side of a subscriber to a station. An optical fiber 26 and the PD module 27 get down, and are a system. In 
respons to 1 .5-micrometer band signal from a station, photo electric translation is carried out with PD modul 
LD25 which is a sending set amplifies the signal of a telephone or facsimile, and contains the circuit to 
modulat . the semiconductor laser which changes an electrical signal into a lightwave signal. The PD module 27 
which is a receiving set includes the photodiode which carries out photo electric translation of the lightwave 
signals sent from the station, such as TV signal and a telephone, an amplifying circuit a demodulator circuit 
etc. 

[0012] The wavelength splitter (WDM module) 21 has the operation which separates 1 .5-micrometer **** and 
1. 3-micrometer **♦*. In this example, 1 .3-micrometer **** is gone up, and it considers as the signal of a 
system, gets down from 1 .5-micrometer ****, and uses as a signal of a system. This invention relates to 
amelioration of the optical transceiver module in the case of carrying out two-way communication using the 
lightwave signal of two different wavelength. An optical transceiver module includes a light emitting device, 
photo detectors, these circumference electrical circuits, etc. The conventional technology about these 
elements is explained. 

[001 3] The semiconductor light emitting device (LD module) 28 which starts the conventional example by 
[explanation of semiconductor light emitting device (LD module) concerning conventional example] drawing 4 is 
explained. It is a module including the semiconductor laser chip (LD) 29 and the photodiode chip 30 for 
monitors. The LD chip 29 is fixed to the side before the ridge (pole) 31 of a header 32. It is because the light of 
parallel on the front face of LD chip is generated. The PD chip 30 is fixed to the location as for which back 
lumin scene of LD carries out incidence to the base of a header 32. Ther is an adequate several lead pin 33 
in the underside of a header 32. The lement clamp face of a header 32 is covered with cap 34. 
[0014] It comes out of the light of the semiconductor laser (LD) in which the aperture 35 is carrying out the 
opening to the center section of the cap 34 in the vertical direction from a chip. There is a lens 37 in right 
above [ of an aperture 35 ]. This is supported by the lens holder 36. Upwards housing 38 is and a ferrule 39 is 
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fixed to the pan of a lens holder 36 by the this top crowning. A ferrule 39 holds the head of an optical fiber 40. 
The ferrule and the dge of an optical fiber are ground aslant It is for preventing reflective return light going 
intoLD29. 

[001 5] Supervising the light of semiconductor laser (LD) 29 in the other end of an optical fiber 40, an electrode 
holder 36 is positioned to a header 32, and housing 38 is further positioned to a lens holder 36. Each el ctrode 
of semiconductor laser 29 and a photodiode 30 is connected to either of the lead pins 33 by the wire. 
[0016] Incidence of the light which came out of semiconductor laser is carried out to the edge of a rat tail and 
an optical fiber with a lens. Since semiconductor laser is modulated by the signal, this light will transmit a 
signal. The monitor of the output of semiconductor laser is carried out by the photodiode 30 for monitors in an 
opposite hand. The oscillation wavelength of 1.3 micrometers - 1.5 micrometer band is decided with the 
material of a semiconductor layer. 

[001 7] PD module concerning the conventional example is explained to [explanation of semiconductor photo 
detector module concerning conventional example] drawin g 5 . Die bond of the photo detector chip 41 is 
carried out to the upper surface of a header 42. The lead pin 43 is formed in the underside of a header 42. The 
upper surface of a header 42 is covered with cap 44. There is opening 45 for letting light pass in the center of 
cap 44. The electrode holder 46 of a cylindrical shape is further fixed to the outside of a cap. This is for holding 
a lens 47. 

[0018] Upwards, the housing 48 of a cone form is fixed to the pan of a lens holder 46. The head of an optical 
fiber 50 is fixed by the ferrule 49. A ferrule 49 is held with housing. Slanting polishing of a ferrule and the head 
of an optical fiber has been carried out 

[0019] The location of an electrode holder 46, the location of housing 48, and the location of a ferrule ar 
decided supervising the output of through and the PD chip 41 for light to an optical fiber also in a photo 
detector. The wavelength range which can receive light is decided by the semiconductor layer of a photo 
detector. In the case of the light PD of Si can be used. PD of Si is unsuitable when aimed at the transceiver 
module using near-infrared light In order to pick up near-infrared light it is necessary to use the photo 
detector of the compound semiconductor which uses InP as a substrate (a euphotic zone is InGaAs or 
InGaAsP). 
[0020] 

[Problem(s) to be Solved by the Invention] Many are the general homes of the subscriber of optical two-way 
communication most Therefore, only the number of a certain telephones should have a commercial scene now. 
However, if it is not made cheap like the telephone by the ordinary metal line, it will be hard to purchase 
ordinary homes. It is necessary to make a module into a low price. However, in the combination of the module 
according to individual of the former of drawing 3 (LD module, PD module, WDM module), it will grow into the 
total pric of an individual module price, and will become expensive. That such a module is expensive has 
barred progress of an optical subscriber system. A cheap device which feels inclined for a consuming public to 
purchase must be prepared. 

[0021] Then, some attempts which reduce components mark and which are used more as a compact in which it 
is made low cost more are proposed and released. Some of modules newly proposed by drawin g 6 , drawi ng 7 , 
and drawing 8 are shown. All have a new advantage. If it sees from a ******** person, in addition, it is 
inadequat and each has a defect 

[0022] [A. The Institute of Electronics, Information and Communication Engineers ERETORONIKUSU society 
convention, C-208, and p208 (1996) have proposed the mirror form WDM element in horizontal reflective WDM 
mold ( drawing 6 )] Ogusu [ Masahiro ], Tazuko Tomioka, and Oshima **** "receptacle form bidirectional 
wavelength multiplexing light module" 1996. The module using WDM of a mirror mold is shown in drawing 6 . 
The WDM filter 81 was leaned in the direction of the diagonal line 45 degrees, and is set in the center of the 
rectangular housing 80. LD83 and PD85 are installed in the 2 sides of housing 80. The lens 82 is installed 
between WDM81 and LD83. The lens 84 is formed between WDM81 and PD85. The optical fiber 86 and the lens 
87 are formed on the straight line which connects the center of LD83 and WDM81. Transmitting light lambda 1 
from LD WDM is penetrated and incidence is carried out to an optical fiber. Signal light lambda 2 from the 
others from an optical fiber It is reflected in a longitudinal direction by WDM, and goes into PD85. Since the 
engine performance of transparency and an cho changes with wavelength, two different wavelength is 
s parated. How ver, this is as practically equal as the thing of drawin g 3 . It is on ext nsion of the conventional 
thing to use arrangement of the gestalt of LD and PD, a condenser lens, etc. and WDM etc. Cost reduction is 
also inadequate. It is not great amelioration. It is necessary to decrease components mark more. 
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[0023] [B. Y branch waveguide mo)d]N.Uchida, H. Yamada and Y.Hibino, Y. Suzuki and T.Kurosaki, N. Ishihara 
and M.Nakamura, T. Hashimoto and Y.Akahori f Y. Inoue and KMoriwaki, KKato f Y.Tohmori, and M.Wada and 
T.Sugie and "LOW-COST AND HIGH-PERFORMANCE HYBRID WDM MODULE INTEGRATED ON A PLC 
PLATFORM FOR FIBER-TO-THE-HOME", 22 nd European Conferenceon Optical Communication-ECOC'96, 
OSLO, TuC.3.1, and P2.107 (1996) The WDM element of a branching waveguide mold It has proposed. Drawing J 7 
is a transceiver module using the optical waveguide of the quartz system which embedded WDM. The quartz 
waveguid s 89, 90, 91, 92, and 93 which branch on a substrate 88 are formed. The waveguides 90 and 91 which 
carry out Y mold branching turned into the unified waveguide 89, and are connected with pan another Y branch 
waveguides 92 and 93. The WDM filter 102 is installed in the branch point of Y branch. PD99 is formed in the 
point of the branching waveguide 90 at the head of Y branch 89. LD98 is formed at the head of the branching 
waveguid 91. The electrode patterns 96 and 97 are formed in a substrate side. PD99 and LD98 are soldered 
on it. 1.3 micrometers goes away from the end face 100 of LD98, the WDM filter 102 is penetrated, and 
outgoing radiation is carried out as a free-space light 95 from waveguide 93. 1.3-micrometer signal from a base 
station passes WDM102 from waveguide 93, goes to waveguide 90, and goes into the end face 101 of PD99. 
This is PD of an end-face incoming radiational type. A WDM filter reflects 1.55 micrometers and penetrates 1.3 
micromet rs. 

[0024] This does not have a lens and structure is simplified for a while. Going and returning are also 1 .3 
micromet rs, and signal light is used in order that a WDM filter may only return light (1.55 micrometers) outsid 
Therefore, it cannot be used for the use (2 wave lambda 1 and lambda 2 utilization) now considered by this 
invention. This method changes the travelling direction of light in an optical waveguide side. Naturally there is 
loss by waveguide in addition to loss of 1/2 by branching. Moreover, detailed optical waveguide must be formed 
on a substrate and a fabrication is very difficult. 

[0025] [C. Upper part reflective mold ( drawing 8 )] Tomoaki Uno, Nishikawa **** Masahiro Mitsuda, Motoji 
Tomon, A Matsui ** "LD/PD integration module of surface mount mold" 1 997 Institute of Electronics, 
Information and Communication Engineers electronics society convention, C-3-89, p198 (1997), And Motoji 
Tomon, Tomoaki Uno, Naoki Takenaka, Nishikawa **** Hiroaki Asano, a Matsui ** "light-receiving property of 
PD modul using fiber embedded optical circuit" 1997 Institute of Electronics, Information and Communication 
Engineers synthesis convention, C-3-59, and p244 have proposed the WDM element which reflects light up. 
Praw ing_8 is the optical transceiver module it was made to reflect receiving light up. On the Si substrate 105, 
longwise V groove 108 is dug and an optical fiber 104 is fixed on this. A level difference 106 is in the trailer of a 
substrate 105, and LD107 is fixed. 1.3-micrometer light of LD107 is entered and transmitted to an optical fiber. 
There is slitting 110 which cut the substrate 105 and the optical fiber at the angle of 45 degrees in common, 
and insertion immobilization of the WDM filter 1 1 1 is carried out here. PD109 is attached so that a light- 
receiving side may become downward in the slanting upper part 

[0026] 1 .55-micrometer light which has spread the optical fiber 104 is reflected in the slanting upper part by 
the WDM filter 111. This is received by PD109. WDM reflects 1.55 micrometers of through for 1.3 micrometers 
like the thing of drawingJB or drawing 7 . Since 1.55 micrometers is reflected in PD on slant, WDM is inclined 
and attached in slanting facing up. There is no lens, there is also no optical waveguide, and structure is simple. 
However, this serves as a pig taele type with which LD adhered behind the fiber. It seldom changes to the thing 
of drawing 3 after all. 

[0027] Anyway, a material cost assembly expense, etc. increase, the optical transceiver module proposed in 
recent years is large-sized, and its structure is not in addition simple. All are only mere extension of the 
present technology, yet — a defect — it does not come to present practical use mostly. It gathers up, and is 
not mer association but smaller components mark, and the mere thing [ offering a smaller optical transceiver 
module ] of an actual condition module is the 1 st object of this invention. It is the 2nd object of this invention 
to offer the optical transceiver module which can also make material cost and assembly expense cheap. 
Speaking more concretely, are compacter than the thing of drawing 6 , being easy to make rather than the 
thing of drawing 7 , and offering the good optical transceiver module of the yield by the low price rather than 
drawing 8 . 
[0028] 

[Means for Solving the Problem] Optical transceiver module of this invention A V groov which is prepared in 
the 1 st dugout dug by some of lightguides to which light prepared in pars intermedia is led, and lightguides, and 
one edge, and fix s an optical fiber head, a step which attaches LD in an dge of an opposite hand, and the 1st 
substrate which has a metallized layer on a base, A filter which inclines in the middle of the lightguide section 
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of the 1 st substrate, is prepared, reflects a part of light caudad, and reflects a part of light, LD prepared in a 
step of the 1st substrate so that an edge of lightguide may b countered, The 2nd substrate with which it has 
the 2nd dugout which has a m tallized layer on the upper surface and was established in a location 
corresponding to the 1st dugout, and an upper surface metallized lay r was joined to a metallized layer of a 
rear face of said 1st substrate, PD attached in the 2nd substrate base in directly under [ of a dugout of the 
2nd substrate ], It consists of amplifier which is fixed to the 2nd substrate base and amplifies a photocurr nt of 
PD. A metallized layer of a boundary line of the 1st substrate and the 2nd substrate serves as ground potential, 
and a head of an optical fiber is fixed to a V groove ahead of the 1st substrate. It is caudad reflected by filter 
and the part carries out incidence of the light which came out of an optical fiber to PD, and a part penetrates a 
filter and he is trying for light from LD to go into an optical fiber. 
[0029] 

[Embodiment of the Invention] Each object introduced as a conventional example bends a part of light to the 
side, or is bending it up. As compared with these conventional example, this invention completely differs in the 
way of thinking. Light is not reflected in the side or the upper part and this invention reflects light below. This 
is on feature. This invention separates the transmitting section and a receive section for an optical 
transceiver module up and down, makes the separate module, inspects it, chooses an excellent article, joins 
together, and let it be a transceiver module. Since it can manufacture independently, the yield goes up. Since 
the transmitting section and a receive section are separated up and down, it is necessary to reflect light 
caudad. Therefore, a filter is leaned and attached downward. 

[0030] Ev n if it calls it a filter, there are two kinds of cases. One is the light lambda 1 of single wavelength. It 
is th case where it uses, in that case, transmitting light — lambda 1 and receiving light — lambda 1 it is . It is 
made for the timing of transmission to differ from the timing of reception. This is called ping-pong transmission. 
In this case, it reflects a part and a filter penetrates transmitting light and receiving light in part 
[0031] Another filter is a filter with wavelength selectivity, lambda 1 and lambda 2 Two kinds of light is us d 
and it is lambda 1. lambda 2 When distributing and using for transmission and reception, it is necessary to 
separate these thoroughly. A filter for that is called WDM filter. In this invention, receiving light is caudad 
reflected with a WDM filter, and transmitting light penetrates a WDM filter. 

[0032] Furthermore, another feature of this invention is that prepared lightguide on the substrate and it 
inserted the WDM filter in the midpoint. It is simple straight-line-like lightguide. Moreover, the light from which 
wavelength differs by WDM is separated. A certain wavelength lambda 1 It goes straight on and they are other 
wavelength lambda 2. It is reflected caudad. PD is prepared in the reflected lower part and this is received. 
[0033] although this invention makes lightguide — this — the shape of a straight line — a fabrication — it is 
easy. Although lightguide is made, neither the WDM coupler by surface waveguide (PLC) like drawing 7 nor 
formation of a filter is performed. The so-called so-called PLC means the optical circuit (Planar Lightwav 
Circuit) by flat-surface waveguide. The waveguide type body of drawing 7 is made of this PLC. The difficulty of 
th fabrication is as point **. This invention does not use optical waveguide. This invention uses the lightguide 
of a simple straight line. Although it is the lightguide of a single mode, of course, it is a straight line and there is 
neith r th curvilinear section nor branching. Therefore, the lightguide of the module of this invention can be 
cheaply manufactured by the high yield. 

[0034] The cross section of the lightguide used for drawing 10 by this invention is shown. When the extended 
direction of a guide is taken to a x axis, this is yz cross section. It is Si02 on the Si substrate (Si bench) 51. 
There is a buffer layer 52 and it is Si02 on it There is a layer. Si02 It is germanium addition high refractiv 
index Si02 to the center section of the layer 51. There is a layer 54. Si02 of the portion surrounding this It is 
the cladding layer 53 of a low refractive index. The portion 54 of a core has the operation which a refractive 
ndex is slightly high and draws light for germanium. This lightguide is a straight line and neither deflection nor 
Dranching exists. 

.0035] The fabrication method of lightguide is explained. On the Si substrate 51 (for example, 
I5mmx20mmx1mm), it is Si02 of a low refractive index. A buffer layer 52 is formed by the flame depositing 
method or the sputtering method. Furthermore, it is Si02 of thickness, for example, the high refractive index of 
50-micrometer germanium content, on it A layer is formed in the whole surface. Subsequently, a mask with a 
stripe pattern is used and it is the germanium content Si02 by the photolithography. It leaves a part of center 
section for a layer, and both sides are removed. The high refractive-index section 54 remains on a buffer layer 
52 by this. The cross section of this is 8micrometerx8micrometer. Subsequently, the cladding layer 53 of a low 
■efractive index is formed by the flame depositing method or the sputtering method. The high refractive-index 
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section 54 is surrounded by th cladding layer. The high refractive-index section 54 has a refractive index 
higher than a cladding layer 53 about 0.3%. It becomes the lightguide 54 to which this leads light in a core. The 
high refractive-index section 54 of the shape of this straight line is henceforth called lightguide 54. 
[0036] The module of this invention consists of a superstructure and a substructure object, and makes both 
rival. A superstructure is shown in drawin g 9 and a substructure object is shown in drawing 1 1 . The lightguide 
of drawin g 10 is prepared in a superstructure. 

[0037] Drawing 9 explains a superstructure. Drawin g 9 (a) is the plan of a superstructure and (b) is central 
drawing of longitudinal section. On the front face of the 1st substrate 51 of flat Si r when the above-mentioned 
straight-line-like lightguide 54 dopes germanium to a longitudinal direction (the direction of a x axis), it is 
formed There is a stage 55 in one end face of x directions, and V groove 67 is cut in the x directions in this 
center. The base of a V groove is formed so that it may agree in lightguide 54. The point of a single mode fiber 
56 is put into V groove 67, and is positioned. An optical fiber end face is pasted up on the end face of a stage 
in the location. A single mode fiber 56 consists of a main core 57 and a clad 58 which surrounds this. A core 
diameter is about 10 micrometers. V groove 67 and a level difference 55 are made into a suitable geom try, and 
it is made for lightguide 54 and a core 57 to have agreed in the x directions. The metallizing side 64 is formed in 
the whole rear face of the 1st substrate 51. This is a gold layer. This is a layer which also becomes a grand 
side. 

[0038] There is a level difference 59 in the side and opposite hand in which the optical fiber of the 1 st 
substrate 51 is attached. The electrode patterns 60 and 61 are formed in the upper surface of a level 
differ nee 59. Bond of the LD chip 62 is carried out on one electrode pattern 60. LD can be attached in an 
electrode pattern using solder like AuGe. The electrode of the upper surface of the LD chip 62 is connected to 
the electrode pattern 61 of another side by the wire 63. Let the LD chip 62 be 1 .3-micrometer luminescence 
laser of for example, an InGaAsP system. The size of a chip is 300micrometerx300micrometerx100micrometer. 
[0039] The slanting slot 65 of the slanting lower part sense is dug by the midpoint of lightguide 54. The slanting 
slot 65 is dug in the direction which inclined 45 degrees in the -x direction to yz side. Insertion immobilization 
of the WDM filter 66 is carried out aslant in the slanting slot 65. The 1st dugout 68 is dug by the lower part 
indep ndently [ the slanting slot 65 ]. WDM is a dielectric multilayer, and has the thickness of about 30 
micrometers, and 1.3 micrometers (through and 1.55 micrometers) are reflected. 

[0040] The transmitting light S (for example, 1.3 micrometers) which came out of back LD62 enters at the head 
of lightguide 54, passes along the WDM filter 66, passes through lightguide 54 in the -x direction, and it carries 
out incidence to the core 57 of an optical fiber 56. The receiving light R (for example, 1.55 micrometers) which 
has spread the optical fiber goes into lightguide 54, progresses in the +x direction, and it is reflected by the 
WDM filter 66 and it progresses below through a dugout 68. A photo detector is prepared here and light is 
received by this so that it may state later. That is, receiving light is not the side, either, is not the upper part, 
either, and is caudad bent by WDM. 

[0041] Drawing 1 1 explains a substructure object. On the 2nd substrate 70 of a flat rectangle-like insulating 
material, a metallized layer 71 is formed uniformly. This also serves as a plane of composition and also serves 
as a grand side. It is metallizing by gold etc. Let the 2nd substrate 70 be a ceramic. The 2nd dugout 72 is dug in 
the center section by the location corresponding to the dugout 68 of point **. The metallizing electrode 
patterns 74 and 79 are formed in the underside of the 2nd substrate 70. The electrode pattern 74 is in the 
surroundings of the 2nd dugout 72. PD73 of a rear-face incoming radiational type turns a rear face up, and is 
soldered here. This PD73 has the size of for example, 550-micrometer angle x100-micrometer thickness. The 
rear-face incoming radiational type PD is the photo detector light carries out incidence from n mold substrate 
side, and it was made to result in the euphotic zone which it is near the p field through a buffer layer. 
[0042] As for a photo detector, a light-receiving wavelength range is decided with the material of a euphotic 
zone and a window layer. For example, PD which makes InGaAs a euphotic zone for receiving 1.55 micrometers 
and 1 .3-micrometer band is used. When saying that only 1.3 micrometers is received, PD which makes InGaAsP 
a euphotic zone can be used. All of a substrate are InP crystals. Drawing 12 describes an example of the rear- 
face incidence PD. On the n-InP substrate 141, the epitaxial wafer to which epitaxial growth of the n-InP 
buffer layer 142, the n-InGaAs euphotic zone 143, and th n-InP window layer 144 was carried out is used. A 
mask is used for this, Zn is diffused on the upper surface, and p mold fields 145, 146, and 147 are made. 
Central p mold field 145 serves as a light sensing portion. Even if p mold fields 146 and 147 of th side are 
made by light into this portion and an electron-hole pair can make close, it is for abolishing signal delay, as it 
does not flow into an electrode and does not become a photocurrent 
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[0043] Pn junction 150, 151, and 152 arises for Zn diffusion. Central pn junction contributes to detection. The 
pn junction 151 and 152 of an edge prevents transit of the aforementioned excessive carrier. On central p mold 
field 145, the p electrode 149 of 60-micrometer diameter is formed. Since incidence is not carried out from a 
front face, p electrode is not a ring-like. There is no opening. It is the shape of a small (60 micrometers) circle, 
p mold field 145 the very thing is also narrow. Therefore, the electrostatic capacity of pn junction becomes 
small. 

[0044] The ring-like n electrode 153 is formed in the rear face of the n-InP substrate 141. Although the area of 
this is large, it does not interfere. Although a central opening is 200micrometerphi, light enters here. Opening is 
covered with an antireflection film 1 54. 

[0045] Since it is a rear-face incoming radiational type, incidence is carried out from n mold substrate sid . n 
electrode on the back is a ring-like. A ring-like n electrode is soldered to a pattern 74. Generally p electrode is 
made as for PD of a rear-face incoming radiational type to disc-like [ instead of the shape of a ring / small ]. 
On p mold field 75 near the front face, the disc-like (it is not ring-like) p electrode 76 is also in this example. 
Since a wire can carry out bond to this p electrode, it can make p electrode small. Since p electrode is small, 
pn junction is also narrowed and can narrow light-receiving area. Electrostatic capacity of pn junction is made 
small at a sake. For example, it is also possible to set the diameter of light-receiving to 50 micrometers - about 
100 micrometers. In that case, the electrostatic capacity of cementation is 0.2pF - 0.8pF. Since electrostatic 
capacity is small, the high-speed response of this PD can be carried out Adoption of the rear-face incoming 
radiational type PD is indispensable for this invention. High-speed optical communication becomes possibl by 
this. 

[0046] The amplifier (amplifier) chip 77 is fixed to the side of the rear face of a substrate 70. The input of 
amplifier 77 is connected with p electrode of PD73 by the wire 78. The photocurrent of PD73 is amplified with 
the immediately near amplifier 77. Other electrodes of amplifier 77 are connected to the metallizing pattern 79. 
The input signal of PD is dramatically feeble, and it provides amplifier 77 immediately in near so that it may 
amplify before a noise enters, since it is easy to receive a noise. If amplified, since the impedance of an output 
circuit will become low and will become strong in a noise, this is taken out outside. This method is called PIN- 
AMP. As AMP77, Si-IC as an amplifying circuit and GaAs-IC can be used. Chip sizes are for example, 1mm 
angle - 2mm angle. 

[0047] The 2nd dugout 72 of the 2nd substrate 70 is punched in the location in which the light of an optical 
fiber is reflected by WDM. The metallizing portion of the same size as PD chip is prepared in the surrounding 
base of a dugout 72. Although this is for attaching PD, it also becomes the mark of the alignment of PD 
installation. Although the size of PD chip has the magnitude of 550-micrometer angle like point **, the 
diameter of the diameter of 50 micrometer - 100 micrometer of light-receiving area is small. Therefore, the 1st 
dugout 68 and the 2nd dugout 72 can be made for example, into the diameter degree of 200 micrometer. Since 
the diameter of light-receiving of a photo detector is quite as large as 50 micrometers - 100 micrometers, 
alignment is easy. 

[0048] The superstructure shown in drawing 9 can be called transmitting section. Only the transmitting section 
is produced and inspected and the excellent article is chosen. A substructure object is a receive section. A 
receive section also manufactures independently, and inspects and an excellent article is chosen. Since it 
produces independently and an excellent article is chosen, a stop is higher than the case where what coalesced 
from the start is made. When the whole is made from the start, even if which component is bad, the whole 
becomes a rejection and all components and activities become useless. Since this invention combines what 
was made separately, it can avoid such futility. 

[0049] Th transmitting section of an excellent article which passed inspection, and a receive section are made 
to coalesce like draw ing 13 . Therefore, a mark is attached to the Si bench (the 1st substrate) 51 of erection 
(transmitting section), and the ceramic bench (the 2nd substrate) 70 of a substructure object (receive section). 
For example, the through hole is punched in four corners of each substrate, and these can be considered as a 
mark The metallized layer 64 of the underside of the 1st substrate 51 is put on the metallized layer 71 of the 
upper surface of the 2nd substrate 70, and the relative position of substrat s 51 and 70 is adjusted so that 
these marks may agree. It is good to decide on the location where high sensitivity is obtained, carrying out 
incidence of the light to an optical fiber at this time, and observing the output of PD73. If the optimal location 
is decided, substrates 51 and 70 will coalesce in the location. 

[0050] Thermocompression bonding can perform lamination of a substrate. Thermocompression bonding will 
also heat an element (PD, LD, amplifier). When saying that he wants to make it coalesce at low temperature 
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more, it is good to impose an ultrasonic wave in addition to thermocompr ssion bonding. Since partial heating 
only of the metallizing side is carried out by th ultrasonic wave, it is more joinable at low temperature. 
[0051] The condition of being stretched is shown in drawing 14 . The metallized lay rs 64 and 71 between a 
superstructure and a substructure object coalesce, and this serves as a grand sid . LD62 to which 
comparatively large current flows may serve as a source of release of a noise, and high PD and the high 
amplifier of an impedance tend to be influenced of a noise. However, sine there is a large grand side that it is 
this structure between LD, PD, and AMP, a noise is intercepted. PD+AMP is electrically isolated with LD 
according to the grand side. The grand sides 64 and 71 have prevented the cross talk of a transmitting side and 
a receiving side. 

[0052] Thus, the stretched module is further dedicated to a case. Drawing 1 5 shows the condition of having 
mounted in the case. Cases are containers, such as a metal and a ceramic. In that case, since there is a 
building envelope, hermetic sealing of the inert gas is filled up with and carried out. Draw ing 1 5 shows the cas 
of a ceramic case. In the case of metal casing, it is necessary to insulate the extraction portion of a lead pin. 
Or a resin mold or a plastic package can also be used for low-cost-izing. 

[0053] A case 119 consists of a shape top case 121 of a rectangle which has the bottom case 120 of the 
shape of a closed-end rectangle, and a crown plate in drawing 1 5 . A cave hole 122 is dug by the front face of 
the top case 121. The bottom case 120 has the 1st step 123 in a front face, and has the 2nd step 124 on a 
rear face. Two or more dugouts 127 are dug by the 2nd step 124 of the bottom case 120. It is a hole for letting 
the lead pin 128 pass. The pattern (not shown) corresponding to the patterns 74 and 79 of drawing 1 1 (b) is 
formed in the upper surface of the 2nd step 1 24. 

[0054] The 2nd substrate (ceramic bench) 71 of the module of this invention made to coalesce is put on the 
steps 123 and 124 of the bottom case 120, and it fixes. PD73 and AMP77 are located in the building envelope 
of the bottom case 120. On the step 59, the monitor PD 129 is attached besides LD62 in this example. This is 
for detecting and supervising the output of LD62. Although there is no monitor PD in the example of drawing 1 3 
- drawing 14 , PD129 is added in this example. In order to carry out the monitor of the laser output, having 
been known well puts PD into an excess. The electrode patterns 74 and 79 at the bottom which appear in 
drawing 1 1 (b) connect with the pattern on a step 124 (not shown), and the amplifier 77 of a receive section 
and the electrode of PD73 are further connected to the lead pin 1 28. 

[0055] The head of an optical fiber is put into the cave hole 122 of the top case 121, and it fixes to the V 
groove ahead of the Si bench (the 1st substrate) 51. Association of an optical fiber and a case is based on 
soldering, resin adhesion, etc. Metallizing of a part of front face of an optical fiber is carried out and it solders 
in the hoi of a case. Or adhesion immobilization can be carried out by the low resin of moisture permeability. 
[0056] The nd faces 125 and 126 of the top case 121 are joined on the steps 123 and 124 of the bottom case 
120. Inert gas is enclosed with the sealed case. The lead pin 128 is a terminal for giving supply voltage to a 
receive section (PD73 and amplifier 77) and the transmitting section (LD62, PD129), taking out an input signal, 
or giving a sending signal. By the sending signal, laser 62 drives and the transmitting light of lambda 1 (for 
example, 1 .3 micrometers) comes out. This goes into lightguide 54. WDM66 is only penetrated and it goes into 
the core 57 of an optical fiber 56 from lightguide 54. This spreads to a base station. 

[0057] lambda 2 sent from the station Receiving light (for example, 1.55 micrometers) goes into lightguide 54 
from the optical fiber core 57, and is reflected by WDM66. This goes into the rear-face incoming radiational 
type PD 73 through dugouts 68 and 72. PD73 changes receiving light into a photocurrent A photocurrent is 
immediately amplified by amplifier 77. This is taken out outside by one of the lead pins 128. Although the lead 
pin is arranged in the single tier in the section in this example in the second half of a case, that may not be 
right and a I ad pin may be divided into the section the first portion and the second half. Combination with an 
electrical circuit can determine such lead pin distribution suitably. 
[0058] 

[Example] The optical transceiver module of this invention with the following parameters was manufactured. 
And the property was evaluated. 

** Semiconductor laser LD of the transmitting section is MQW-LD (quantum well mold laser) whose 
luminescenc wavelength is 1.3 micrometers. A chip size is 300micrometeKwidth of face) x300micrometer 
(length) xlOOmicrometer (thickness). A threshold current It is 7mA. It drove by 155Mbps signals by 50mA of 
peak currents, and the average fiber output of 1mW (OdBm) was obtained. PD for monitors is pin-PD of a 
waveguide mold which has an InGaAs euphotic zone with a thickness of 3 micrometers. It is the same size as 
LD chip (300micrometerx300micrometerx100micrometer). 
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[0059] ** A receive section is the receiving-set of .1.55-microm ter light To the light of 45-degree incidence, a 
WDM filter makes 1.3 micrometers penetrate and reflects 1.55 micrometers. Therefore, only 1.55 micrometers 
arrives at a rec ive section. PD of a receive section is the rear-face incoming radiational type PD which has 
the euphotic zone of InGaAs. Therefore, although no less than 1.3 micrometers and no less than 1.55 
micrometers can be picked up, since only 1.55 micrometers comes here, 1.55 micrometers is detected The 
size of PD is 550micrometeKwidth of face) x550micrometeKlength) xlOOmicrometer (thickness). The diameter 
of light-receiving is 60 micrometers. Electrostatic capacity was 0.3pF to the bias of 2V. It is very small 
electrostatic capacity. 

[0060] ** Amplifier (AMP) is GaAs-IC. Feedback resistance used the transimpedance circuit which is Ikohm. 
** R ceiving sensitivity was measured using the above element Making the error rate or less into ten to nine 
with the signal speed of 155Mbps(es), receiving sensitivity was -40dBm. It turns out that it is high sensitivity 
very much. 
[0061] 

[Effect of the Invention] This invention can do the following outstanding effects so. 

** The transmitting section (LD) and a receive section (PD) can completely be manufactured independently, 
and inspection and a burn-in can be carried out separately, respectively. Each quality assurance can be 
performed certainly. By the method which unifies LD and PD at once, even if which component is bad, all 
components and all activities will become useless. 

** Sine the WDM filter is used, it becomes compact A WDM filter can use the thing which carried out the 
laminating of the dielectric (optical) multilayer on the glass substrate, or the thing which carried out the 
laminating of the optical (dielectric) multilayer on the macromolecule thin film. 

** Since it is letting bending and a pinhole pass to the down side, the scattered light from LD cannot go light 
into PD easily. That is, the cross talk of receiving light transmitting light hardly arises. 

** The isolation of the transmitting-side and transmitting-side side which passes a high current (for example, 
50-1 00mA) since the large gland (ground) is prepared between receiving sides, and the PIN-AMP side also 
treating the minute current below 1 microA is carried out electrically. An electric cross talk is hardly produced, 
either. 

** Since PD becomes a rear-face incoming radiational type, it can lower electrostatic capacity. 



[Translation done.] 
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3t7 7-^^<l 9i!WDM2 1 <Dft&X&&m&.#)iz1£-£- 
SixT^S. 3t7TW-'<l 8 K lift a*** 2 2{£«fco 
TLD^a-A^ 5£58S<*<, *7T'f'< 1 9 Ktefta 



^^^23 Sr^UTPD^-^-/U2 7 £ggH-5„ 

[0011] LD 2 5, 3t7r-<^2 4»i±«?^^/j: 
■T. 1. 3 /im^^DA#fflllW{f-§-*^teiS-r 
2). 3fe7r'f/<26 > PDt-^- ;U2 7ttT'9^-C*> 
05 5. mfi>b<Dl. 5 ^ m^«#-SrSltT> PD*^- 

{f£§B-Cfc5PD^~ — ^2 7li, ^*>ibi!f <bJxfcT 
10 V«#, «B/iif03fc«*«:3t**»i-*7* h^-f* 

[0012] jgg^i&Sg (WDM^v^a- /u) 2 1 tt, 
1. 5,imS)ti, 1. 3 Mm?&)fc$r#0§1-5fl^as*> 
£. r«7)0ij-e«, 1. 3^ m^3tSr±t)^<0«-f-t U 
15 1. 5 Mm«)tSrTU^(^«-§-t LTttoTI/^. 

20 S^fro^TW^e^^^i-So 

[0 0 13] [3E3I&J (LDtv? 

*^f- (LD*^a-yu) 2 8«rlftK-t-5„ *MM*:w— !f 
f (LD) 2 9<t, *e = */H<©:7jfr 
25 0*-^tf^-^3.-^T*fc5. LDf5//2 9li^ 

2W&igSB (tf— AO 3 lcDM«!lS^@^$tl 

■5. ^?/3 2<OJ&BKtaLDWWa&}fcri s Aat1-5<£ 
BK, PD^ 5 /7'3 0d5@3££Jx5. — 5/^3 2 0TS 
30 KteigffcW !> - KtfV3 3riSfc-5„ ^5/^32©^ 

[0 0 14] s/7°3 4 WP*lfl5iwlJ^3 S&ffiQ L 
X^Z*m»l'—tf (LD) <03t(i^y^^±T*TS] 

irtu^,, ^3 5OTB:±iwttU'>'X3 7&foz>. cni^u 

35 ^X*yU^-3 6 t«toTS:«F$4x5. l/VX*/l/^- 
±HeBtC»S7o:>'l'-/l'3 9*S@^$^5o 71^3 

40 LD 2 9tCA5<OSrgSCfcJ6-Cfc5c 

[0 0 15]fi*l'-f (LD) 29(D3tSr, 3t77 
OCOfl&SStCioV^T^LJi^b, fr/lsf- 3 6* 
^s/^3 2(C»LTffi:B«:«)L, $ P>J-^?7 i^V^3 8 
tl/VX*^-3 6(C*fL-C{CcB^»-t-i. 
45 -f2 9, 7*h^*-K3 0O#Mtt7'f+i:± 
ot!l- Kf >3 3<75^-r4x*Mwtg^$ix5o 
[0 0 16] JftflEU- r^etbfc^ttW-VXJiioT 
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[0017] m&m\zfrfrz¥m&$Lytm**v*-- 

[0 0 18] 6<£>£ bld-hlcl*, R£i 

te<D'^iS>?4 8#@^£*l£ 0 3t^r^^5 0O5fe 
iffiSr7^/u— /U4 9(:«tot@ft^ 7:n/w-/U4 9 

[0 0 19] g}fefg^tf>4§^fc, ft^r-r^ft^ii 

6C0{£B£, ^^^^^4 8 0^11, ^cc/u— /KDffiit 
£#:tf>£o §MW»fi:I}aor, gft^ft« 

tsi^«> s i <^PD^iS^-e*>^o ifi^ft*^ 

^SrffiV^&^ifcS (ftftJIfil nGa Aslfcfcttl 
nG a A s P) o 
[0 0 2 0] 

[JSWa*S¥*L<fc?ir£KS] ft^ftiiffWtjnA* 

£5®fS£P]£< b^K^ffiKLft^i— ttmiOHlA 
Llc<v\, A*fc^ttfcr«&K*<*>«. £ r 

PD^^a-zK WDM^ya-/!/) Ote^-frfcHfC 

A#^OitJg^^JfTV>^ 0 -»«M#IIALJ:5i: 
t5»c45i 5ft£ffift««£ffl«LftttHtfftbft 

[0 0 2 1] *rT^LTfc»SA*«:Wb"t\ * 0 3 

aft«^s6S*>* 0 s6**«W#i*b*litfft*5p+»-efc 
[0 0 2 2] [A. igWWDMS (126) ] /M«jE 

^fift^^-zUj ,1 9 9 6¥«-^Wffliiff#^^ 
hp^^^yf^ aiy-f**, C- 2 0 8, p208 



(1 9 9 6) ttS7-«WDM**-«r«*L-C^a. H 

05 ^2ffll|ffi|CLD 8 3 PD 8 5 ^IS:gLTV>5o WDM 
8 1 t LD8 30P^tCflU^X8 2iSilt^5, W 
DM8 1 t PD8 5^lC(iL/yX8 4«rRltT^5 0 
LD8 3 <t WDM 8 1 <D**bi:f£&WM-tlzyt'7 7 4 '< 

8 6, u>X8 7«rttttTv*<5. LDri>b<oi£mft A , 
10 ttWDMSraiaur*7r-<^<^A4ti-S. *7r^^ 

ixTPD8 5lCA5o &gKJ:oTigil, SltOtttttf 
S5^T2ooHft5ftS^«$tt5o La>Lr*Lte 
H3^fc0>£**ftv>i LD, PD«i, Aftl^* 
15 ftifOffiiE, WDM*r«5*, »*Ot>OOJgft±fc* 

[0 0 2 3] [B. Y#tt3MftISa!] N. Uchida, H. Yama 
da, Y. Hibino, Y.Suzuki, T. Kurosaki, N. Ishihara, M. 

20 Nakamura, T. Hashimoto, Y. Akahori, Y. Inoue, K. Moriw 
aki, K. Kato, Y. fohmori, M. Wada, and T. Sugie, * LOW-CO 
ST AND HIGH-PERFORMANCE HYBRID WDM MODULE INTEGRA! 
ED ON A PLC PLATFORM FOR FIBER-TO-THE-H0ME*, 22nd 
European Conferenceon Optical Communication- EC0C' 

25 96, OSLO, TuC.3. 1, P2. 107(1996) te$M$*iKBS3!OW 

«8 8(Oit»«t5«»»B8 9, 9 0, 9 1, 

9 2, 9 3W*LfcfcOT*8. YS!»«t5»«« 
30 9 0, 9 1tt«^-Sixfc*tt*8 9*fttK S&t-5- 

^CDY^H4«&SS9 2, 9 SKLoftjPoTWS. Y#H£ 
oMjSCWDM7^^ 1 0 2dSK»UTfc5, Y# 

8 9 9 0 <D jfefc. P D 9 9 Sr»t* 

5o »*Wft«f9 103fe«fcLD9 8«rRlt5. S«c5 
35 l:tt«S^-^9 6, 9 7#^jE££;ft,S 0 *<ELhUlP 
D99, LD9 8Sr¥fflttttLT^5o LD98co«S 

10 0^61. 3Mm^tUTff#, WDM7^/^10 
2«r»«LT«*SH&9 3 39*bS*ffllB*9 5 fc LTttiSt 
■S*t6. *«J»^b0 1. 3 /imfffiilttit9 3d>b 

40 WDM1 0 2SrifiiaUT»ttK9 0^fi L &PD9 9 tDffi 

nonage rix*iffl®AttSopD-e^>5o wd 

M7-fA'#ttl. 5 5 m m&RK L 1 . 3 m m£r3gi©1- 

[0 0 2 4] rftttl'>'X#ft<tt&Pd>UWft£ft 
45 So «**ttfT#<fO fc 1 . 3Mmtfcot, WDM7 

-</w#r^^K3t (1- 5 5 Mm) «:*fc:R-*-fc»i;:««H 
S.ftTl^fi. ffioT^^^t%iri.^ii (2jBt 

50 KJ:6i/2oa5fe«^icW*W-J:Slll3fe* 1 **. * 
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[0 0 2 5] EC. tUBLttW. (0 8) ] ^U§Bg, H 

jus, 3tBai3A, mp^~. t&#« r^Bn^ SwLD 

/PD«8HL*v^-7ki 1 9 9 7*EW.Tffimmm^& 
zslis? Vu-f V^T- C-3-89, pi 

9 8 (1997) . Rvmiyt-, ^m>ssB. n#m. 
m. mm* amum, ry r<< '<w&%bk«: 

fllV>fcPD-*^3.-,rK&5:ite#ttj 1 9 9 7#m j f-tf$8 
C-3-5 9, p 24 4IJ, ±*|C 
**rKlti-SWDM*-?4r«3ISUrv^S. E8te£{f3t 

-5. SiSffil05 OiKJSfcgcD Vffi. 1 0 8 &&tifrZ 
<r>±.\zyt7 7 4 ;<i 0 4*BS$n5. ££i o 5<z>j& 

«»CtHl0 6*SfeoTLDl 0 7*!®$$^. L 
D 10 701. 3 tf m3fcri s 3te 7 7 £iv 
5. Sfil 0 5i:)t7 7^'<*#i§U:4 5SL<Dfk&X-m 
»fLfc§)i? ii^-i i o*sfe»j rri;wDM7^^^ i i 

iSiJKPDl 0 9i5«lt)#ttT*>5. 
[0 0 2 6] %77^(^\ 0 4SreajUT5l5)t 1. 55 
tfm3tiiWDM7^;U^l 1 ltd i o T^-h^wSt* 
Ctt^PD 1 0 9lw«to-CS3t$H5. WDM 
»i@6-^>ia7cot(Oi:l^tJ:5»-l. 3Mm£riaLl. 
5 5 am^Klft-'5«tplC/jioTV''5. ^ft±©PDC 
1. 5 5 n mSrKlt-f'5fci*i)WDM»i^»±rS]#tC{®V> 

[0 0 2 7] ^-fntCLTt,ja¥tiSe$tt-CV^3tj!IS 

r«a*j * *siwfi-et«e t \ v ^fn t *K<oa«® 

*.tf, @6<otroit)t3W^ h-c, E17Wt,0j:9 
[0 0 2 8] 

[K®sr«?»-r5fc*w#g;] *»w©*a«flr*i?a 

77^ /<*««rBfti-5 VJ*i RfcMBwMMBfc L D &J& 



%H4 h'<omn\zttfo-rz>£imi£&0>gtmz.&vb 

05 S2S««J«?C<OiET»-*SV>T«2Sffil£ffi»-»t> 
f*tt£>;ft5PDi, SS2£46J£ffiK:H£3iXPD<Z>3feS 

10 <b fflfc3ttt-t SB*s 7 K J: oTT*»-S*t £ 
*uTPDfc:A3tL, LDA»fc©3te«:— SBas^/WjJ'&af 
iibT3t77'f ^tA5 J; 3tC LTVS. 
[0 0 2 9] 

20 *]*©*S?-3.— ^«:f^oT*5#1*3ELTSi&*SU { il*-& 

9* 0 #±#H-3. ±TK:i&tff 

9 SrTfSJ * U:«i*TJR "9 f+ltSO-C&S. 
25 [0 0 3 0] 7-fA-* ifoTt 2«5i<0»**s*>5. 

•5'. *W»*f4i5S(t**s a. , s a«3t*«i, -?*>*. % 

[0 0 3 1] t.5 — ><K>7 4 fr9ti* i£gjg#'tt<£>fc.5 
7-fyu^-C*><5. A. , , X t <E>2aJI<D#;£ffll,\ A. , 

35 fe«r^»=»«f Wft*07^^tt 

[0 0 3 2] 5-o0^mii> £«± 

40 Kfttf'C K^KIt-tco^ra^^WDM^-fyu^SrifAL 

3fir»cPD*:l9!ltrrix«rSflri"*. 
45 [0 0 3 3] 3t^W K«rff5*«, Ctv»*iSj69 

^S^JfiK (PLC) ia5WDM*7-7^ 7 41^9 

K»-J:5JtlHlK (P 1 a n a r Lightwave 
50 Circuit) £jgSfc1-$„ IS! 7 <n>W&L'8i9 ■< ~7<T>-£. 
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[0 0 3 4 J gl 0tc*»BreJfll*a3ft;tf'f KOWrffiH 
Kott«*MSrx*H^*5tr*ttty z Br 
SiT'fc^, SiS«(Si^f) 5 ICDJbKS i O 

SiO z l5 10**S8lCGeaa!HIiBJB*r*S i 0 2 Jl 
5 4#*>S 0 wft&ntf8B&0>S i o 2 tti£JB$r*<o* 
7yKl5 3-e*>5. :=TO«#5 4ttG e^fcftfcfll 

ttiffift-C o T ft *s 0 -^»tttt#ft L * if \ 
[0 0 3 5] K«)«ff*tt«rKW-f*. S i Sffi 

5 1 (0iJx.fi 1 5 mraX 2 OmmX 1 mm) tf)_bM, © 

#Jx.fcE 5 0m mOG e **0>i«HJr*O S i 0 2 JB*r± 
«rfll^:7rf- h V y^77>fC±otG e**TS i o 2 Ji 

mmmmtfts 4^/^77*5 2oii:»5, 

5 3*Mn, KJlteJ:oTi«JB*r*tt5 4** 
S*tia 0 i«JBJr*» 5 4 fi^ 9 * K/S 5 3 J: 9 JBUr* 

[00 3 6] *»Wo*^i-/wttJi»«i*»i TSB* 

asfitifilfc*:, Hll 1 lcT«M»5S**r*'t-. Ell oojfctf 
-f KttJb«MBaWWcRlt6*ta. 
[0 0 3 7] lagiw^oTiSfPtiljg^SriaWi-ao 09 

(a) te±.nmm®i<D¥-mms (b) «+*«»fBiat? 
( x taa-ft) ic±aj<oDti»**^ k 5 4 **g e «: k- 

otfc5, vm<Dmm\*yt#4 ks 4fc-a*t-*j: sic 

?FMttfe5o ^/i^-K7 7^^5 6(D*S:V» 

6 7 ULAft-CffifiSfcafc-*-*. -to«ttt-C3t7r'f>^ffi 

tt, W^a7 5 7 <!: 3Jltfllt5^7 7 K5 8*>6 
3 7glil0/imgatfc5 o V«6 7,©^5 
5 fcHMfr+tfeU: Lt *ar-f K544=757#x 



[0 0 3 8] 10%7 7^^|ji0ftlt6tt 

05 ^->6 o^icLDf^/e 2»*> Ksnrv^s. 

— ^KttWjttf A u G e CO ± 9 ft^ffltttot 

tos®l^!7^ir 6 3i:iottt*oWi^-v6 1 

«jgg$na o LDf^62ttfliltfInGaA8PJi 
300/xmX300/xmXlOO/i m**C 

[0039] jtsr-r K5 4o^nAicaMiE>T4rM*«) 

15 5tC«WDM^>f 6 6*S»jt>|-jf AH^nSe ft 
ftflt 6 5 ttSiJte**>T#teJB 1 «Jt 6 8 &&titlZ 0 
WDMIi««*^IRtibot3 0 ax mg&CDJf:^& 
1. 3/imteiiU 1. 5 5 n mtefrte*tZ> 0 

[0 0 4 0] s^ld6 2a>e>afci£«*s 

20 1 . 3 /z m) tt, 3t^-T K 5 4 <£>5fc$g|C A «9 , WDM7 
^yu^6 6*rii!9, - x2rl*j K5 4 Srii Otfelt 

T5t^T-T^5 6^)37 5 7 K AIM" 5. 5fe^T-C^Sr 
^K5Ur#^Sft3tR 55/im) 
K5 4KA9 + x;frftlCii^ WDM7^;^ 6 6ICJ: 

£*b£o o*!9SfiJt«WDM^J;oT«l*-et>*<± 

JSrct*< T*^fttffejxs. 

[0 0 4 1] 01 lfc±oTT»tta»*»m-6. ¥ 

<< xg7 ltm&ztiZo z-tutm&mtbtevr?* 

!R7 0imtft7 5 7^tt5. **»lCtt5fe«*>* 
^t6 8^StJC-rafitfiKS2«?t7 2^tnt^$ 0 
35 » 2 SS 7 0 OTBBIdtt^ ^ 7 ^ X«|/^ - V 7 4 , 
7 9**»tf — ^7 4«^2«7C7 2<D 

*9 CifcSo r rtcSffiAltS^PD 7 3755»SiSr±ic: 
bT^tiM-»t$tta o :<OPD7 3I^Jx.«5 5 0/im 
ftxi00/imf^i£$rto c SffiAttS PDi^5 
40 W4nSBS*R«**b**7JWU^y77»«:iiO pi^c 

[0 0.4 2] ft**^tt**Jifc*JB^«»lwJ:o-Cft 
'3fettftflfiHd J «fc4 5o 5 5/um^l. 3 ^ m 

ISSrSft-raiCte InGaAs *fi3tJB ^^"5 P D Srffl 

45 V>5 0 1. 3 vmtirt Zk^oWfkt* I nG a 
A s P$r§3tSt-r5PD«rffl^aw<t^-C#ao fllix 
tSfiltlnP^Tfe^c 01 2|CioTS®AltP 
D<7>— 0iJ^ril5^<ao n- I n Plffil 4 1 cq±|c, n - 
InP/<5'77il42, n-InGaAsS^14 

50 3, I nPfll 4 4^x^d^> t /^f 
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T±EKZ n£*£»LTpl!i5H£l 4 5, 14 6, 14 
7&ftZ> 0 tpffe<OpgHg«cl 4 5^S:3tS]5t*-2). 
Qpli4cl 4 6. 1 4 711 w<73Se^«C3t-i s AoTm 

10 0 4 3] Z n pnS^l 50, 15 
1, 15 2d5*-f5. ■f^pn^^ail^t 
5. ^png^Ul, 1 5 2»±tJ|2Wsfe^-^^r-V y 

b^.ntvtei'WX'pmmtei) mat** 

\<\ /h£v» (6 0 Mm) R^tr/jioTV^o pIS«l 

10 0 4 4] n-InPSfil4 1©IIIcyy/tt© 
nlll 5 3asjfc/££ft3 0 CljX«i0Effi«^:#V^5^L 
3Lz.t£<<\ f*(DfflP(i2 0 0/im*-Cfe5^ 1 C C 
##A5. SnPgBteSW&llfcBIl 5 4K«fcoT&Jg£ft 

[004 5] SEAttSJ-efciA^nSS^fidA^AW 
P Dtt p ft«i£ \) ^if^Xti < /hS^PMHKfc"?* 3 0 

z<Dnmmxi>&m>5:<<opmm%i7 5<o±\aznmik 

<f#-5„ fc*^pn^cof^®^S^/h$<-t l t5„ 
fcix.l£g:#;@Sr5 0*im~l 0 0 m mgSCt^ri 

f*imx&Zo *<D®&&£<D&n®&tt.o. 2 P f~ 

0. 8pFtfc5„ fttStW^'^trroPDiiS 
j&ct^-r-sc ias-e^s. *^Bjtct oTBBAltS'P 

[004 6] M70 OliO«#Kin«IHI (T >• 
:/) f-vzfl 7tfs@5£$ft5. PD73©pfgi7y 
7*7 1 <OK-hi^V y( \ 1 8K«fco-Cg!iBS$ftS. PD7 
3 W3tmtfft#-r <*ifi < tf> T V 7* 7 7 K i o TJUS $ ft 
5. T>-7*7 7Wf|feom«i»4>^7'l'^ < ^ — ^7 9|i 
ft*. PDWSftOTttMICtB-Ck*) 

££»7£v^<oTy^xasA3iWKii^£ J: ?<-iiffi^ 
7 7&-r<-jffl£i;:S!i7Tv^ <> *i<i$fts tmt>mm<7> 

■< vf— yv^.^is< ft v) ; 4 XK3£< ft-Sri^Cftil: 
easiest otb-f J; 9(^-r*. :ro*SiiP i n-amp 
iPftfft-S. AMP7 7tLtll HiEKtLTOS 

i — I C-^\ GaAs-IClrffl^Swtl!^^ ^ 
V 4 Xli0tJx.fi 1 mm£~ 2 mmftt*5. 

[004 7] $2S«7 0^1286^7 2 tt, ^77^ 
^cOjt^WDMJC £ o TRW $ftS<£gK3??l t Tfc 



5. «E7t7 2co^|)c0JiE®lrttPD^y7*i:|^C^-i£(O 
^ ^7-YXS5^^Sitr*5<„ c:ftttPD&li!>{<tit-5 

•5. PD3-v7 , <D^tm-Z9c'&V>£l\cmz.tX5 5 0 nm 
05 AO^#$iSfc**Sg)tSffi|i5 0 n mg~l 0 0 n m 

7 2tt0!lx.ff 2 0 0 ai mSlStti i i i ! T*t 5, £ 
3t^^roS3tS»i 5 0 m m~ 1 0 0 m m i: "5 j£v -><D 

10 [0 0 4 8] @9 1i^-r±gB«ligfeJi^Hfg|Jtv>5Ci: 

<„ Ttt*tt*»*£fl«-C*>*. £{f&8fc»lftK§Sf£L 

15 »*»&*flctrf^« t if OSpbp^^< T 

* "5 ^TOgBSt^JgdSftlifejCTiS. *»Wtt*J«fcfl5 

T#3. 

[0 0 4 9] Lfc&i&tf>ai{fgp\ g{fgB£0 

20 1 3K>.fc'5fc:£-f*:£i£5„ *ofc*!)±gB«jgifei (s^ff 
U) (OS i^f (IlS«) 51t, T&te&m (3: 

ttttSo ^tx»i-tft-5fftoS«0 4Ptc:^/u— 7h-/w 
£*7lLT*i£ CftibS:^-? ttsrims, IB 

25 2S«70©±i©^?7-l'Xi7 11-IB1SIS5 1© 
TffiW/^7-YXil6 4 4rMft, rft^W-e— ^/JJ-g-ffc 
•fSJ;9»cS«5 1, 7 0<7)ffl^Jg«riSSE-r5= r<o 
t#3t7T^^<^3t^AW$-a:PD7 3coa^*«^L 
/«c^e>ii!®S/i5#eft*fii:g(-*«)*i:a^. *jHB:@ 

30 ^JSHrotf-eSffisi, 7 oas-a-#:£fts. 

[00 50] S«<03g <9 ioTtT? C 
fBUE*!*^ (PD, LD, T^T") *t 

tt. SKUE»K*0*.T«#**»»t*4ik\ SWSEICJ; 
35 oT>^5WXB*rit«BfaiJIRSft*«>-CJ:»Jfia-C» 

[00 5 1] 5S>?-&^$ft7t^Sr0 1 4^-f 0 ±Si5 
«3t!tftltTgefflfit^lWW(-S>'5^^7'rX@6 4, 7 1 

40 gttft*LD6 2l*/-f Xtf3»£||ifc3T!rfiBtfea j *>0, 
-< Vfc'-^V-^COiSS^P D-^T Xc7>fgS£g 

PD, AMProKW£v^7V KBd5fo50TV-YX*J 
iS»r$ft-5. ^yKil^oTLDt, PD + AMP 
45 SrttSCWt-fKSILTV^WTfc*. ^7>Kffi6 4. 7 
l^i^fffi!lt§:ft{i)I(75^n^ b — f&m^^Z. 
[0 0 5 2] w<D£ 7lC$g9£-:b£ftfc^i^-A-££ 
P>«-^-^»Ci!rt«>5. 0 1 5tt'Jr--*K!!3£l.fc#®$r 
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IB*— ^K, fcSV^fi^^^-y^/^y*— 5^*if*rffl 

[0 0 5 3] Ell 5fcl*5V^C\ 4r— * 1 1 9 llWJSlSg 

^12Uii9^5 B -b*— * 12 1 OfftffilCtetft:* 1 
2 2#*fcn«. T^r— ^ 1 2 0 ttS&ffifw* 1 gkffl 1 2 

3«r, mmzm2Skm 2 4^t«c T<5r-* i 2 0 

OS2ftttl 2 4Cf»Btl 2 7*»Wtft5, y 
— Ktrvi 2 8«:ii-*"*:«)0?t-C*>5. 24 
OJiiEtCtt, HI 1 (b) 0/^-^7 4, 7 9[zMft 

[0 0 5 4] ^^-tt7t*«WO*^^-/KDS2 5« 
<-fe7$ y^'O'*') 7 1 &T^-* 1 2 0O©g|Sl 2 
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